Abstract. We determined atmospheric and dissolved nitrous oxide (N20) in the surface waters of the central North Sea, the German Bight, and the Gironde estuary. The mean saturations were 104 + 1% (central North Sea, September 1991), 101 5 2 % (German Bight, September 1991), 99 + 1% (German Bight September 1992), and 132% (Gironde estuary, November 1991). To evaluate the contribution of coastal areas and estuaries to the oceanic emissions we assembled a compilation of literature data. We conclude that the mean saturations in coastal regions (with the exception of estuaries and regions with upwelling phenomena) are only slightly higher than in the open ocean. However, when estuarine and coastal upwelling regions are included, a computation of the global oceanic N20 flux indicates that a considerable portion (approximately 60%) of this flux is from coastal regions, mainly due to high emissions from estuaries. We estimate, using two different parameterizations of the air-sea exchange process, an annual global sea-to-air flux of 11-17 Tg N20. Our results suggest a serious underestimation of the flux from coastal regions in widely used previous estimates.
the central and northern North Sea during the summer months. The salinity and temperature distributions of the central North Sea arc influenced by North Atlantic water masses which enter the North Sea from its northern boundary and which arc subsequently transported south by a system of cyclonal (anticlockwise) circulation patterns along the British cast coast [Otto et al., 1990] .
The German Bight as part of the southeastern North Sea is influenced by North Atlantic water masses entering the North Sea via the British Channel and riverine inputs of the rivers Elbe and Weser. Owing to its characteristic function as a mixing vessel of oceanic waters and riverine waters, the German Bight generally shows lower salinities and a more pronounced seasonal variability of the water temperatures than the central North Sea. Furthermore, river plume fronts were observed due to the fresh water runoff from Elbe and Weser [Otto et al., 1990] . Therefore, typical flushing times for the German Bight (36 months) are about 2 times longer than those observed for the central North Sea [Meier- Reimer, 1979 ].
BANGE ET AL.' NITROUS OXIDE IN C .OASTAL WATERS
The first cruise took place in September 1991 on the German research vessel R/V Alkor following a cruise track from the German Bight to the central North Sea and back. Twenty-six drifting stations with a duration of about 6 hotmrs were located within the main investigation area around 54030 ' to 55ø30'N and 1 ø to 4øE (Figure 1) .
The second campaign took place on the research platform R/P Nordsee located in the German Bight (54ø42'N, 7ø10'E) in September 1992 (Figure 1) .
Gironde Estuary
The Gironde estuary located on the southern Atlantic coast of France (around 45ø30'N, lø30'E) is defined as the area between the confluence of the rivers Garonne and Dordogne north of Bordeaux and the North Atlantic. The degree of mixing and stratification of the water column in the estuary mainly depends on the amount of the seasonal riverine inputs. Therefore, the main upstream limit of the seawater intrusion varies between 75 km (low river flow) and 40 km (high river flow) from the mouth of the estuary [Jouanneau and Latouche, 1981 ] .
The cruise took place on the French research vessel R/V C6te d'Aquitaine in November 1991. Our measurements were performed on nine sampling stations located along the horizontal salinity gradient within the Navigation channel which is the principle path of penetration for the seawater. Additionally, one station was located outside the estuary in coastal waters which were not affected by estuarine waters (Figure 2 [ 1992]. For a detailed description of the theory and performance of the eqUilibrator see Butler et al. [1988] and Weiss et al. [1992] . We recorded no significant temperature differences between the seawater in situ and the water in the equilibrator during the cruises in the central North Sea and the Gironde estuary. During the campaign on the research platform we found a temperature enhancement of 0.5 + 0.1øC. Concentrations and resulting saturation values were corrected for this difference. A temperatur e :difference of 0.5 ø leads to an error of about 1.6% in the saturation value. N20 production within the equilibrator was not observed, However, to exclude any possibility of N20 formation, the equilibrator was cleaned frequently.
Measurements of dissolved and atmospheric N20 , and of two standard mixtures were performed when the ship was on station. 
Results and Discussion

Atmospheric Nitrous Oxide
The mean atmospheric N20 mixing ratios were 332 + 3 ppbv (central North Sea), 315 + 3 ppbv (German Bight), and 325 + 3 ppbv (Gironde). The observed atmospheric mixing ratios are in In the Gironde estuary we observed a decrease in N20 water concentrations with increasing salinity (Figure 7) . The area- 
Nitrous Oxide in Coastal Waters
On the basis of hydrographic (i.e., seawater temperature and salinity distributions), biological (i.e., primary production), and bathymetric classifications, the world's ocean can be divided into four main categories: (1) open ocean, (2) coastal waters, (3)  coastal upwelling regions, and (4) Table 2 gives compilations of N20 measurements in estuaries and coastal areas according to the categories explained above, and Table 3 lists the mean saturation values calculated for each oceanographic region. It is obvious that the highest mean N20 saturations were observed in estuarine systems (607%) and coastal upwelling areas (176%). Saturations found in estuarine systems are strongly influenced by the amount of nitrogen-rich wastewater effluents. Nearly pristine estuarine systems (e.g., Yaquina Bay and Gironde) show considerably lower saturations than estuaries with a Estimated if a saturation value was not explicitly given.
b The mean was calculated as the arithmetical mean from the range given in column two or taken from the literature.
c Source is this paper (see Table 1 ). On the basis of the data in Table 3 atmosphere interface (this approach was used here) and (2) a biological approach using denitrification/nitrification processes as a measure for N20 formation. Our estimate is significantly higher than previously published estimates based on the geochemical approach. Butler Wollast [1993] computed an atmospheric flux of 21 Tg N20 yr 'l resulting from sedimentary denitrification processes in coastal zones.
Despite the fact that coastal regions occupy only about 18% of the world's ocean area they contribute approximately 41% to the global oceanic N20 emissions. This value increases considerably when estuarine fluxes are included (60%) ( Table 4 that 
Summary
The surface waters ooe the central North Sea and the German Bight were found to be near equilibrium with the overlying atmosphere. We found mean saturation values of 104 + 1% (central North Sea) and 99-101% (German Bight). The mean saturation in the Gironde estuary was 132%. An estimation of the oceanic fluxes of' N20, based on a compilation of' literature data, indicates that in previous studies the contribution of coastal areas (including estuaries and upwelling regions) were seriously underestimated. We computed, by using the approaches of Liss and Merlivat [1986] and Erickson [1993] , an annual global seato-air flux of 11-17 Tg N20 and attributed 60% of this flux to coastal areas.
